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(54) Title: STABLE DISPERSION OF SOLID PARTICLES COMPRISING A WATER-INSOLUBLE PYRAZINE COMPOUND 

(57) Abstract: A process for the preparation of a stable dispersion of solid particles, in an aqueous medium comprising combining 
(a) a first solution comprising a substantially water-insoluble substance which is a pyrazine compound of formula (I), a water-misci- 
ble organic solvent and an inhibitor with (b) an aqueous phase comprising water and optionally a stabiliser, thereby precipitating solid 
particles comprising the inhibitor and the substantially water-insoluble substance; and optionally removing the water-miscible or- 
ganic solvent; wherein the inhibitor is a non-polymeric hydrophobic organic compound as defined in the description. Also claimed 
are stable dispersions obtainable by the process, solid particles obtainable by the process and use of such particles. The process 
provides a dispersion of solid particles in an aqueous medium, which particles exhibit reduced or substantially no particle growth 
mediated by Ostwald ripening. The process is particularly suitable for the preparation of small (sub-micron) aqueous dispersions of 
a substantially water-insoluble pharmacologically active substance. 
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STABLE DISPERSION OF SOLID PARTICLES COMPRISING A WATER- INSOLUBLE 

PYRAZINE COMPOUND 

The present invention relates to a process for the preparation of a stable dispersion of 
particles, particularly sub-micron particles in an aqueous medium and to a stable dispersion of 
5 particles in a liquid medium, more particularly to a process for the preparation of a dispersion 
of particles comprising a substantially water-insoluble pharmacologically active pyrazine 
carboxamide compound of formula I in an aqueous medium, which particles exhibit 
substantially no increase in size upon storage in the aqueous medium, in particular to aqueous 
dispersions of particles that exhibit substantially no particle growth mediated by Ostwald 
10 ripening. 

Dispersions of a solid material in a liquid medium are required for a number of 
different applications including paints, inks, dispersions of pesticides and other 
agrochemicals, dispersions of biocides and dispersions of pharmacologically active 
compounds. In the pharmaceutical field many pharmacologically active compounds have 

15 very low aqueous solubility which can result in low bioavailability when such compounds are 
administered to a patient. The bioavailability of such compounds may be improved by 
reducing the particle size of the compound, particularly to a sub-micron size, because this 
improves dissolution rate and hence absorption of the compound. 

The formulation of a pharmacologically active compound as an aqueous suspension, 

20 particularly a suspension with a sub-micron particle size, enables the compound to be 

administered intravenously thereby providing an alternative route of administration which 
may increase bioavailability compared to oral administration. 

Generally however, if there is a range of particles sizes dispersed in a medium there 
will be a differential rate of dissolution of the particles in the medium. The differential 

25 dissolution results in the smaller particles being thermodynamically unstable relative to the 
larger particles and gives rise to a flux of material from the smaller particles to the larger 
particles. The effect of this is that the smaller particles dissolve in the medium, whilst 
material is deposited onto the larger particles thereby giving an increase in particle size. One 
such mechanism for particle growth is known as Ostwald ripening (Ostwald, Z Phys. Chem. 

30 (34), 1900,495-503). 

The growth of particles in a dispersion can result in instability of the dispersion during 
storage resulting in the sedimentation of particles from the dispersion. It is particularly 
important that the particle size in a dispersion of a pharmacologically active compound 
remains constant because a change in particle size is likely to affect the bioavailability and 
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hence the efficacy of the compound. Furthermore, if the dispersion is required for 
intravenous administration, growth of the particles in the dispersion may render the dispersion 
unsuitable for this purpose, possibly leading to adverse or dangerous side effects. 

Theoretically particle growth resulting from Ostwald ripening would be eliminated if 
5 all the particles in the dispersion were the same size. However, in practice, it is not possible 
to achieve a completely uniform particle size and even small differences in particle sizes can 
give rise to particle growth. 

Aqueous suspensions of a solid material can be prepared by mechanical 
fragmentation, for example by milling. US 5,145,648 describes wet milling of a suspension 
10 of a sparingly soluble compound in an aqueous medium. However, mechanical fragmentation 
of a material, for example by milling, generally gives a wide distribution of particle sizes. 
Furthermore, mechanical fragmentation is less efficient in terms of particle size reduction 
when applied to non-crystalline starting material. 

US 4,826,689 describes a processes for the preparation of uniform sized particles of a 
15 solid by infusing an aqueous precipitating liquid into a solution of the solid in an organic 
liquid under controlled conditions of temperature and infusion rate, thereby controlling the 
particle size. US 4,997,454 describes a similar process in which the precipitating liquid is 
non-aqueous. However, when the particles have a small but finite solubility in the 
precipitating medium particle size growth is observed after the particles have been 
20 precipitated. To maintain a particular particle size using these processes it is necessary to 
isolate the particles as soon as they have been precipitated to minimise particle growth. 
Therefore, particles prepared according to these processes cannot be stored in a liquid 
medium as a dispersion. Furthermore, for some materials the rate of Ostwald ripening is so 
great that it is not practical to isolate small particles (especially nano-particles) from the 
25 suspension. 

W. J. Higuchi and J. Misra (J. Pharm. Sci., 51 (1962) 459) describe a method for 
inhibiting the growth of the oil droplets in oil-in-water emulsions by adding a hydrophobic 
compound (such as hexadecane) to the oil phase of the emulsion. US 6,074,986 
(WO95/07614) describes the addition of a polymeric material having a molecular weight of 
30 up to 10,000 to the disperse oil phase of an oil-in-water emulsion to inhibit Ostwald ripening. 
Welin-Berger et al. (hit. Jour, of Pharmaceutics 200 (2000) pp 249-260) describe the addition 
of a hydrophobic material to the oil phase of an oil-in-water emulsion to inhibit Ostwald 
ripening of the oil droplets in the emulsion, hi these latter three references the material added 
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to the oil phase is dissolved in the oil phase to give a single phase oil dispersed in the aqueous 
continuous medium. 

EP 589 838 describes the addition of a polymeric stabilizer to stabilize an oil-in-water 
emulsion wherein the disperse phase is a hydrophobic pesticide dissolved in a hydrophobic 
5 solvent. 

US 4,348,385 discloses a dispersion of a solid pesticide in an organic solvent to which 
is added an ionic dispersant to control Ostwald ripening. 

WO 99/04766 describes a process for preparing vesicular nano-capsules by forming an 
oil-in-water emulsion wherein the dispersed oil phase comprises a material designed to form a 
10 nano-capsule envelope, an organic solvent and optionally an active ingredient. After 

formation of a stable emulsion the solvent is extracted to leave a dispersion of nano-capsules. 

US 5,100,591 describes a process in which particles comprising a complex between a 
water insoluble substance and a phospholipid are prepared by co-precipitation of the 
substance and phospholipid into an aqueous medium. Generally the molar ratio of 
15 phospholipid to substance is 1:1 to ensure that a complex is formed. 

US 4,610,868 describes lipid matrix carriers in which particles of a substance is 
dispersed in a lipid matrix. The major phase of the lipid matrix carrier comprises a 
hydrophobic lipid material such as a phospholipid. 

Patent Cooperation Treaty Application no PCT/GB02/05472 discloses pyrazine 
20 carboxamides of Formula I 




I 

and pharmaceutical^ acceptable salts, prodrugs, solvates and crystalline forms thereof, in 
25 which 

R 1 and R 2 independently represent : 
a Ci- 6 alkyl group; 

an (amino)C i_ 4 alkyl- group in which the amino is optionally substituted by one or more 
Ci_3alkyl groups; 
30 an optionally substituted non-aromatic Ca-iscarbocyclic group; 
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a (Ca-i2cycloalkyl)Ci. 3 alkyl- group; 

a group -(CH 2 ) r (phenyl ) s in which r is 0,1, 2, 3 or 4, s is 1 when r is 0 otherwise s is 1 or 2 
and the phenyl groups are optionally independently substituted by one, two or three groups 
represented by Z; 
5 naphthyl; 
anthracenyl; 

a saturated 5 to 8 membered heterocyclic group containing one nitrogen and optionally one 
of the following : oxygen, sulphur or an additional nitrogen wherein the heterocyclic group is 
optionally substituted by one or more Ci- 3 alkyl groups, hydroxy or benzyl ; 

10 1 -adamantylmethyl; 

a group - (CH 2 )t Het in which t is 0,1, 2, 3 or 4, and the alkylene chain is optionally 
substituted by one or more Ci^alkyl groups and Het represents an aromatic heterocycle 
optionally substituted by one, two or three groups selected from a Ci_ 5 alkyl group, a Ci_ 
5 alkoxy group or halo; 

15 or R 1 represents H and R 2 is as defined above; 

or R l and R 2 together with the nitrogen atom to which they are attached represent a saturated 
5 to 8 membered heterocyclic group containing one nitrogen and optionally one of the 
following : oxygen, sulphur or an additional nitrogen; wherein the heterocyclic group is 
optionally substituted by one or more Ci- 3 alkyl groups, hydroxy or benzyl ; 

20 

X is CO or S0 2 ; 

Y is absent or represents NH optionally substituted by a Q- 3 alkyl group; 

25 R 3 and R 4 independently represent phenyl, thienyl or pyridyl each of which is optionally 
substituted by one , two or three groups represented by Z; 

Z represents a Ci_ 3 alkyl group, a Ci- 3 alkoxy group, hydroxy, halo, trifluoromethyl, 
trifluoromethylthio, trifluoromethoxy, trifluoromethylsulphonyl, nitro, amino, mono or di d- 
30 3 alkylamino, mono or di Ci- 3 alkylamido, Cj- 3 alkylsulphonyl, Ci. 3 alkoxycarbonyl, carboxy, 
cyano, carbamoyl, mono or di Ci_ 3 alkyl carbamoyl, sulphamoyl and acetyl; and 
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R 5 is H, a Ci- 3 alkyl group, a Ci. 3 alkoxymethyl group, trifluoromethyl, a hydroxyCi^alkyl 
group, Ci- 3 alkoxycarbonyl, carboxy, cyano, carbamoyl, mono or di Ci_ 3 alkylcarbamoyl, 
acetyl, or hydrazinocarbonyl of formula -CONHNR a R b wherein R a and R b are as previously 
defined for R 1 and R 2 respectively; 
5 and their use in the treatment of obesity, psychiatric and neurological disorders. Such 
compounds are herineafter referred to as a compound of Formula I. 

We have surprisingly found that stable dispersions of solid particles of a compound of 
Formula I in an aqueous medium can be prepared using a precipitation process without the 
need for water-immiscible solvents or the formation of an emulsion. The dispersions 
10 prepared according to the present invention exhibit little or no particle growth after 
precipitation mediated by Ostwald ripening. 

According to a first aspect of the present invention there is provided a process for the 
preparation of a stable dispersion of solid particles in an aqueous medium comprising: 

combining (a) a first solution comprising a substantially water-insoluble substance which 
15 is a compound of Formula I , a water-miscible organic solvent and an inhibitor with (b) an 
aqueous phase comprising water and optionally a stabiliser, thereby precipitating solid 
particles comprising the inhibitor and the substantially water-insoluble substance; and 
optionally removing the water-miscible organic solvent; 
wherein: 

20 (i) the inhibitor is a non-polymeric hydrophobic organic compound that is 

substantially insoluble in water; 
(ii) the inhibitor is less soluble in water than the substantially water-insoluble 

substance; and 
(hi) the inhibitor is not a phospholipid. 

25 

The process according to the present invention enables stable dispersions of very small 
particles, especially nano-particles, to be prepared in high concentration without the need to 
quickly isolate the particles from the liquid medium into which they have been precipitated to 
prevent particle growth. 

30 The dispersion according to the present invention is stable, by which we mean that the 

solid particles in the dispersion exhibit reduced or substantially no particle growth mediated 
by Ostwald ripening. By the term "reduced particle growth" is meant that the rate of particle 
growth mediated by Ostwald ripening is reduced compared to particles prepared without the 
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use of an inhibitor. By the term "substantialy no particle growth" is meant that the mean 
particle size of the particles in the aqueous medium does not increase by more than 10% 
(more preferably by not more than 5%) over a period of 1 hour at 20°C after precipitation into 
the aqueous phase in the present process. Preferably the particles exhibit substantially no 
5 particle growth. 

It is to be understood that in those cases where the solid particles are precipitated in an 
amorphous form the resulting particles will, generally, eventually revert to a 
thermodynamically more stable crystalline fomi upon storage as an aqueous dispersion. The 
time taken for such dispersions to re-crystallise is dependent upon the substance and may vary 

10 from a few hours to a number of days. Generally such re-crystallisation will result in particle 
growth and the formation of large crystalline particles which are prone to sedimentation from 
the dispersion. It is to be understood that the present invention does not prevent conversion of 
amorphous particles in the suspension into a crystalline state. The presence of the inhibitor in 
the particles according to the present invention significantly reduces or eliminates particle 

1 5 growth mediated by Ostwald ripening, as hereinbefore described. The particles are therefore 
stable to Ostwald ripening and the term "stable" used herein is to be construed accordingly. 

The solid particles in the dispersion preferably have a mean particle size of less than 
10pm, more preferably less than 5jim, still more preferably less than 1pm and especially less 
than 500nm. It is especially preferred that the particles in the dispersion have a mean particle 

20 size of from 10 to 500nm, more especially from 50 to 300nm and still more especially from 
100 to 200nm. The mean size of the particles in the dispersion may be measured using 
conventional techniques, for example by dynamic light scattering to measure the intensity- 
averaged particle size. 

Generally the solid particles in the dispersion prepared according to the present 

25 invention exhibit a narrow unimodal particle size distribution. 

The solid particles may be crystalline, semi-crystalline or amorphous. In an 
embodiment, the solid particles comprise a compound of Formula I in a substantially 
amorphous form. This can be advantageous as many pharmacological compounds exhibit 
increased bioavailability in amorphous form compared to their crystalline or semi-crystalline 

30 forms. The precise fomi of the particles obtained will depend upon the conditions used 
during the precipitation step of the process. Generally, the present process results in rapid 
precipitation of the substance and the formation of substantially amorphous particles. 
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By substantially insoluble is meant a substance that has a solubility in water at 25°C 
of less than 0.5mg/ml ? preferably less than O.lmg/ml and especially less than 0.05mg/ml. 

The greatest effect on particle growth inhibition is observed when the substance has a 
solubility in water at 25°C of more than 0.05pg/ml. In a preferred embodiment the substance 
5 has a solubility in the range of from 0.05pg/ml to 0.5mg/ml, for example from 0.05pg/ml to 
0.05mg/ml. 

The solubility of the substance in water may be measured using a conventional 
technique. For example, a saturated solution of the substance is prepared by adding an excess 
amount of the substance to water at 25°C and allowing the solution to equilibrate for 48 hours. 
10 Excess solids are removed by centrifugation or filtration and the concentration of the 
substance in water is determined by a suitable analytical technique such as HPLC. 
Compound of Formula I 

Further values of R 1 , R 2 , R 3 , R 4 and R 5 in compounds of Formula I now follow. It will be 
15 understood that such values may be used where appropriate with any of the definitions, claims 
or embodiments defined hereinbefore or hereinafter. 

In one group of compounds of Formula I, R 1 represents H, R 2 represents cyclohexyl, X is 
CO and Y is absent. 

20 

In a second group of compounds of Formula I, R l and R 2 together with the nitrogen atom to 
which they are attached represent 1 -piperidinyl. 

In a third group of compounds of Formula I, R 1 represents H and R 2 represents phenyl. 

25 
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A fourth group of compounds of Formula I is represented by formula la 




la 



and pharmaceutical^ acceptable salts, solvates and crystalline forms thereof, in which 
5 R 2 represents cyclohexyl, 1-piperidinyl or phenyl ; 
R 6 represents H, chloro, bromo, methyl or methoxy; and 
when R 7 represents H, R 8 represents H or chloro; and 
when R 7 represents chloro, R 8 represents H or chloro. 

10 In a fifth group of compounds of formula I R 5 is H. 

In a sixth group of compounds of formula I X is CO. 

In a seventh group of compounds of formula I X is SO2. 

15 

In an eighth group of compounds of formula I Y is absent. 

"Pharmaceutically acceptable salt", where such salts are possible, includes both 
pharmaceutically acceptable acid and base addition salts. A suitable pharmaceutical^ 

20 acceptable salt of a compound of Formula I is, for example, an acid-addition salt of a 

compound of Formula I which is sufficiently basic, for example an acid-addition salt with an 
inorganic or organic acid such as hydrochloric, hydrobromic, sulphuric, trifluoroacetic, citric 
or maleic acid; or, for example a salt of a compound of Formula I which is sufficiently acidic, 
for example an alkali or alkaline earth metal salt such as a sodium, calcium or magnesium 

25 salt, or an ammonium salt,or a salt with an organic base such as methylamine, dimethylamine, 
trimethylamine, piperidine, morpholine or tris-(2-hydroxyethyl)amine. 
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Throughout the specification and the appended claims, a given chemical formula or name 
shall encompass all stereo and optical isomers and racemates thereof as well as mixtures in 
different proportions of the separate enantiomers, where such isomers and enantiomers exist, 
as well as pharmaceutically acceptable salts thereof and solvates thereof such as for instance 
5 hydrates. Isomers may be separated using conventional techniques, e.g. chromatography or 
fractional crystallisation. The enantiomers may be isolated by separation of racemate for 
example by fractional crystallisation, resolution or HPLC. The diastereomers may be isolated 
by separation of isomer mixtures for instance by fractional crystallisation, HPLC or flash 
chromatography. Alternatively the stereoisomers may be made by chiral synthesis from chiral 
10 starting materials under conditions which will not cause racemisation or epimerisation, or by 
derivatisation, with a chiral reagent. All stereoisomers are included within the scope of the 
invention. All tautomers, where possible, are included within the scope of the invention. 

The following definitions shall apply throughout the specification and the appended claims. 

15 

Unless otherwise stated or indicated, the term "alkyl" denotes either a straight or branched 
alkyl group. Examples of said alkyl include methyl, ethyl, n-propyl, isopropyl, n-butyl, iso- 
butyl, sec-butyl and t-butyl . Preferred alkyl groups are methyl, ethyl, propyl, isopropyl and 
tertiary butyl. 

20 

Unless otherwise stated or indicated, the term "alkoxy" denotes a group O-alkyl, wherein 
alkyl is as defined above. 

Unless otherwise stated or indicated, the term "halogen" shall mean fluorine, chlorine, 
25 bromine or iodine. 

Specific compounds of the invention are one or more of the following: 
7V~(1 -piperidinyl)-5 ,6-diphenyl-2-pyrazinecarboxamide; 
iV-(l-piperidinyl)-5,6-bis(4-bromophenyl)--2-pyrazinecarboxamide; 
30 JV-(1 -piperidinyl)-5,6-bis(4-methylphenyl)-2-pyrazinecarboxamide; 
A^(l-piperidinyl)-5,6-bis(4-methoxyphenyl)-2-pyrazinecarboxamide; 
iV-(l -piperidinyl)- 5,6-bis(4-chlorophenyl)-2-pyrazinecarboxamide; 
7V-(l-piperidinyl)-5,6-bis(2-chlorophenyl)-2-pyrazinecarboxamide; 



WO 2004/069277 



PCT/GB2004/000416 



10 



A^cyclohexyl-S^-diphenyl^-pyrazinecarboxainide; 
iV-cyclohexyl-5 ? 6-bis(4-bromophenyl)-2-pyrazinecarboxamide; 
i\^cyclohexyl-5 ? 6-bis(4-methylphenyl)-2-pyrazinecarboxamide; 
JV-cyclohexyl-5 ? 6-bis(4-methoxyphenyl)-2«pyrazinecarboxamide; 
5 7V-cyclohexyl-5,6-bis(4-chlorophenyl)- 2-pyrazinecarboxamide; 
iV-cyclohexyl-5 ? 6-bis(2-chloropheiiyl)-2-pyrazinecarboxamide; 
iV ? 5,6-triphenyl-2-pyrazinecarboxamide; 
JV~phenyl~5 ? 6~bis(4-methylphenyl)-2"pyrazinecarboxamide; 
iV-phenyl-5 ? 6-bis(4~methoxyphenyl)-2-pyrazinecarboxamide; 
1 0 JV-phenyl-5 ? 6-bis(4-chlorophenyl)-2-pyrazinecarboxamide; 
iV-phenyl-5 5 6-bis(2-chlorophenyl)-2-pyrazmecarboxamide; 

N-(l -piperidinyl)- 5-(4-chlorophenyl)-6-(2 ? 4-dichlorophenyl)-2-pyrazinecarboxamide; and 
iV-(l -piperidinyl)- 6-(4-chlorophenyl)-5-(2 ? 4-dichlorophenyl)-2-pyrazinecarboxamide; 
and where applicable, optical isomers, tautomers, stereoisomers and racemates thereof as well 
15 as pharmaceutically acceptable salts, solvates and crystalline forms thereof. 

Methods of preparation 

The compounds of Formula I may be prepared as outlined below according to any of the 
following methods. The compounds may also be prepared as described for structurally related 
20 compounds in the prior art. 

Compounds of formula I in which X is CO may be prepared by reacting a compound of 
formula II 




5 



2 1 



25 



in which R 3 , R 4 and R 5 are as previously defined with an amine of formula III 



R 1 R 2 YNH 2 



III 
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in an inert solvent, for example dichloromethane, in the presence of a coupling agent, for 
example a carbodimide, eg l-(3-dimethylaniinopropyl)-3-ethylcarbodiimide , and optionally 
in the presence of a catalyst, for example a basic catalyst, eg 4-dimethylamino-pyridine, at a 
temperature in the range of -25°C to 150°C. 

5 

Compounds of formula I in which X is S0 2 may be prepared by reacting a compound of 
formula IV 




3 Jl -I 
FT N S0 2 A 

IV 

10 in which R 3 , R 4 and R 5 are as previously defined and A represents halo with an amine of 
formula IV 

R 1 R 2 YNH 2 V 
in an inert solvent, for example dichloromethane, and optionally in the presence of a catalyst, 
15 for example a basic catalyst, eg 4-dimethylamino-pyridine, at a temperature in the range of - 
25°C to 150°C. 

Compounds of formulae II, III, IV and V may be prepared as described in the Examples and 
by other methods known to those skilled in the art. Certain compounds of formulae II, III , IV 
20 and V are novel and are claimed as a further aspect of the present invention as useful 

intermediates. Specifically claimed are compounds of formula II in which R 3 , R 4 and R 5 are 
as previously defined with the exception of 5,6-diphenyl-2-pyrazinecarboxylic acid and 5,6- 
bis(4-methoxyphenyl)-2-pyrazinecarboxylic acid. 

25 The compounds of the invention may be isolated from their reaction mixtures using 
conventional techniques. 

Persons skilled in the art will appreciate that, in order to obtain compounds of the invention in 
an alternative and in some occasions, more convenient maimer, the individual process steps 
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mentioned hereinbefore may be performed in different order, and/or the individual reactions 
may be performed at different stage in the overall route (i.e. chemical transformations may be 
performed upon different intermediates to those associated hereinbefore with a particular 
reaction). 

5 

In the section above the expression "inert solvent" refers to a solvent which does not react 
with the starting materials, reagents, intermediates or products in a manner which adversely 
affects the yield of the desired product. 

10 Inhibitor 

The inhibitor is a non-polymeric hydrophobic organic compound that is less soluble in 
water than the substantially water-insoluble substance present in the first solution. Suitable 
inhibitors have a water solubility at 25°C of less than 0.1mg/l, more preferably less than 0.01 
mg/1. In an embodiment of the invention the inhibitor has a solubility in water at 25°C of less 

1 5 than 0.05pg/ml, for example from 0. lng/ml to 0.05jXg/mL 

In an embodiment of the invention the inhibitor has a molecular weight of less than 
2000, such as less than 500, for example less than 400. In another embodiment of the 
invention the inhibitor has a molecular weight of less than 1000, for example less than 600. 
For example, the inhibitor may have a molecular weight in the range of from 200 to 2000, 

20 preferably a molecular weight in the range of from 400 to 1 000, more preferably from 400 to 
600. 

Suitable inhibitors include an inhibitor selected from classes (i) to (v) or a 
combination of two or more such inhibitors (for example a mixture of an inhibitor and a co- 
inhibitor): 

25 (i) a mono-, di- or (more preferably) a tri-glyceride of a fatty acid. Suitable fatty acids 
include medium chain fatty acids containing from 8 to 12, more preferably from 8 to 10 
carbon atoms or long chain fatty acids containing more than 12 carbon atoms, for example 
from 14 to 20 carbon atoms, more preferably from 14 to 18 carbon atoms. The fatty acid may 
be saturated, unsaturated or a mixture of saturated and unsaturated acids. The fatty acid may 

30 optionally contain one or more hydroxyl groups, for example ricinoleic acid. The glyceride 
may be prepared by well known techniques, for example, esterifying glycerol with one or 
more long or medium chain fatty acids. In a preferred embodiment the inhibitor is a mixture 
of triglycerides obtainable by esterifying glycerol with a mixture of long or, preferably, 
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medium chain fatty acids. Mixtures of fatty acids may be obtained by extraction from natural 
products, for example from a natural oil such as palm oil. Fatty acids extracted from palm oil 
contain approximately 50 to 80% by weight decanoic acid and from 20 to 50% by weight of 
octanoic acid. The use of a mixture of fatty acids to esterify glycerol gives a mixture of 
5 glycerides containing a mixture of different acyl chain lengths. Long and medium chain 
triglycerides are commercially available. For example a preferred medium chain triglyceride 
(MCT) containing acyl groups with 8 to 12, more preferably 8 to 10 carbon atoms is prepared 
by esterification of glycerol with fatty acids extracted from palm oil, giving a mixture of 
triglycerides containing acyl groups with 8 to 12, more preferably 8 to 10 carbon atoms. This 

10 MCT is commercially available as Miglyol 812N (Huls, Germany). Other commercially 
available MCT's include Miglyol 810 and Miglyol 818 (Huls, Germany). A further suitable 
medium chain triglyceride is trilaurine (glycerol trilaurate). Commercially available long 
chain trigylcerides include soya bean oil, sesame oil, sunflower oil, castor oil or rape-seed oil. 
Mono and di- glycerides may be obtained by partial esterification of glycerol with a 

15 suitable fatty acid, or mixture of fatty acids. If necessary the mono- and di- glycerides may be 
separated and purified using conventional techniques, for example by extraction from a 
reaction mixture following esterification. When a mono-glyceride is used it is preferably a 
long-chain mono glyceride, for example a mono glyceride formed by esterification of glycerol 
with a fatty acid containing 1 8 carbon atoms; 

20 (ii) a fatty acid mono- or (preferably) di-ester of a C 2 -io diol. Preferably the diol is an 
aliphatic diol which may be saturated or unsaturated, for example a C 2 -io-alkane diol which 
may be a straight chain or branched chain diol. More preferably the diol is a C 2 _ 6 -alkane diol 
which may be a straight chain or branched chain, for example ethylene glycol or propylene 
glycol. Suitable fatty acids include medium and long chain fatty acids described above in 

25 relation to the glycerides. Preferred esters are di-esters of propylene glycol with one or more 
fatty acids containing from 8 to 10 carbon atoms, for example Miglyol 840 (Huls, Germany); 
(iii) a fatty acid ester of an alkanol or a cycloalkanol. Suitable alkanols include C M0 -alkanols, 
more preferably C 2 -6-alkanols which may be straight chain or branched chain, for example 
ethanol, propanol, isopropanol, n-butanol, sec-butanol or tert-butanol. Suitable cycloalkanols 

30 include C 3 -6-cycloalkanols, for example cyclohexanoL Suitable fatty acids include medium 
and long chain fatty acids described above in relation to the glycerides. Preferred esters are 
esters of a C 2 -6-alkanol with one or more fatty acids containing from 8 to 10 carbon atoms, or 
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more preferably 12 to 29 carbon atoms, which fatty acid may saturated or unsaturated. 
Suitable esters include, for example isopropyl myristrate or ethyl oleate; 

(iv) a wax. Suitable waxes include esters of a long chain fatty acid with an alcohol containing 
at least 12 carbon atoms. The alcohol may an aliphatic alcohol, an aromatic alcohol, an 

5 alcohol containing aliphatic and aromatic groups or a mixture of two or more such alcohols. 
When the alcohol is an aliphatic alcohol it may be saturated or unsaturated. The aliphatic 
alcohol may be straight chain, branched chain or cyclic. Suitable aliphatic alcohols include 
those containing more than 12 carbon atoms, preferably more than 14 carbon atoms especially 
more than 18 carbon atoms, for example from 12 to 40, more preferably 14 to 36 and 

10 especially from 18 to 34 carbon atoms. Suitable long chain fatty acids include those 

described above in relation to the glycerides, preferably those containing more than 14 carbon 
atoms especially more than 18 carbon atoms, for example from 14 to 40, more preferably 14 
to 36 and especially from 18 to 34 carbon atoms. The wax may be a natural wax, for example 
bees wax, a wax derived from plant material, or a synthetic wax prepared by esterification of 

15 a fatty acid and a long chain alcohol. Other suitable waxes include petroleum waxes such as a 
paraffin wax; 

(v) a long chain aliphatic alcohol. Suitable alcohols include those with 6 or more carbon 
atoms, more preferably 8 or more carbon atoms, such as 12 or more carbon atoms, for 
example from 12 to 30, for example from 14 to 20 carbon atoms. It is especially preferred 

20 that the long chain aliphatic alcohol has from 6 to 20, more especially from 6 to 14 carbon 
atoms, for example from 8 to 12 carbon atoms. The alcohol may be straight chain, branched 
chain, saturated or unsaturated. Examples of suitable long chain alcohols include, 1-hexanol, 
1-decanol, 1 -hexadecanol, 1 -octadecanol, or 1-heptadecanol (more preferably 1-decanol); or 

(vi) a hydrogenated vegetable oil, for example hydrogenated castor oil. 

25 In one embodiment of the present invention the inhibitor is selected from a medium 

chain triglyceride and a long chain aliphatic alcohol containing from 6 to 12, preferably from 
10 to 20 carbon atoms. Preferred medium chain triglycerides and long chain aliphatic 
alcohols are as defined above. In a preferred embodiment the inhibitor is selected from a 
medium chain triglyceride containing acyl groups with from 8 to 12 carbon atoms or a 

30 mixture of such triglycerides (preferably Miglyol 812N) and an aliphatic alcohol containing 
from 10 to 14 carbon atoms (preferably 1-decanol) or a mixture thereof (for example a 
mixture comprising Miglyol 812N and 1-decanol). 
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Suitably the inhibitor is a liquid at the temperature at which the dispersion is prepared. 
Preferably the inhibitor is liquid at ambient temperature (25 °C). 

When the substantially water-insoluble substance is a pharmacologically active 
compound the inhibitor is preferably a pharmaceutical^ inert material. 
5 The inhibitor is present in the particles in a quantity sufficient to prevent Ostwald 

ripening of the particles in the suspension. Preferably the inhibitor will be the minor 
component in the solid particles formed in the present process comprising the inhibitor and 
the substantially water-insoluble substance. Preferably, therefore, the inhibitor is present in a 
quantity that is just sufficient to prevent Ostwald ripening of the particles in the dispersion, 

1 0 thereby minimising the amount of inhibitor present in the particles. 

In embodiments of the present invention the weight fraction of inhibitor relative to the 
total weight of inhibitor and substantially water-insoluble substance (i.e. weight of 
inhibitor/weight of inhibitor + weight of substantially water-insoluble substance) is from 0.01 
to 0.99, preferably from 0.01 to 0.5, especially from 0.05 to 0.3 and more especially from 

15 0.06 to 0.25. In a preferred embodiment the weight fraction of inhibitor relative to the total 
weight of inhibitor and substantially water-insoluble substance is less than 0.5, more 
preferably 0.3 or less, for example from 0.05 to 0.3, such as from 0.06 to 0.25, for example 
about 0.2. This is particularly preferred when the substantially water-insoluble substance is a 
pharmacologically active substance because high levels of inhibitor (e.g. a weight fraction 

20 above 0.5) may give rise to unwanted side effects and/or affect the dissolution 

rate/bioavalability of the pharmacologically active substance when administered in vivo. 

Furthermore, we have found that in general a low weight ratio of inhibitor to the 
inhibitor and the substantially water-insoluble substance which is a compound of Formula I 
(i.e. less than 0.5) is sufficient to prevent particle growth by Ostwald ripening, thereby 

25 allowing small (preferably less than 1pm, preferably less than 500nm) stable particles to be 
prepared. A small and constant particle size is often desirable, especially when the 
substantially water-insoluble substance is a pharmacologically active material that is used, for 
example, for intravenous administration. 

One application of the dispersions prepared by the process according to the present 

30 invention is the study of the toxicology of compounds of Formula I. The dispersions 

prepared according to the present process can exhibit improved bioavailability compared to 
dispersions prepared using alternative processes, particularly when the particle size of the 
substance is less than 0.5pm. In this application it is advantageous to minimise the amount 
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of inhibitor relative to the active compound so that any effects on the toxicology associated 
with the presence of the inhibitor are minimised. 

When the substantially water-insoluble substance has an appreciable solubility in the 
inhibitor the weight ratio of inhibitor to substantially water-insoluble substance should be 
5 selected to ensure that the amount of substantially water-insoluble substance exceeds that 
required to form a saturated solution of the substantially water-insoluble substance in the 
inhibitor. This ensures that solid particles of the substantially water-insoluble substance are 
formed in the dispersion. This is important when the inhibitor is a liquid at the temperature at 
which the dispersion is prepared (for example ambient temperature) to ensure that the process 

10 does not result in the formation liquid droplets comprising a solution of the substantially 
water-insoluble substance in the inhibitor, or a two phase system comprising the solid 
substance and large regions of the liquid inhibitor. 

Without wishing to be bound by theory we believe that systems in which there is a 
phase separation between the substance and inhibitor in the particles are more prone to 

1 5 Ostwald ripening than those in which the solid particles form a substantially single phase 
system. Accordingly, in a preferred embodiment the inhibitor is sufficiently miscible in the 
substantially water-insoluble material to form solid particles in the dispersion comprising a 
substantially single-phase mixture of the substance and the inhibitor. The composition of the 
particles formed according to the present invention may be analysed using conventional 

20 techniques, for example analysis of the (themiodynamic) solubility of the substantially water- 
insoluble substance in the inhibitor, melting entropy and melting points obtained using routine 
differential scanning calorimetry (DSC) techniques to thereby detect phase separation in the 
solid particles. Furthermore, studies of nano-suspensions using nuclear magnetic resonance 
(NMR) (e.g. line broadening of either component in the particles) may be used to detect phase 

25 separation in the particles. 

Generally the inhibitor should have a sufficient miscibility with the substance to form 
a substantially single phase particle, by which is meant that the inhibitor is molecularly 
dispersed in the solid particle or is present in small domains of inhibitor dispersed throughout 
the solid particle. It is thought that for many substances the substance/inhibitor mixture is a 

30 non-ideal mixture by which is meant that the mixing of two components is accompanied by a 
non-zero enthalpy change. 

An indication of the substance/inhibitor miscibility in the solid particles is provided by 
the interaction parameter % for the substance-inliibitor mixture. The % parameter may be 
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derived from the well known Bragg- Williams, Flory-Huggins or the Regular Solution theories 
(see e.g. . Jonsson, B. Lindman, K. Holmberg, B. Kronberg, "Surfactants and Polymers in 
Solution", John Wiley & Sons, 1998 andNeau et al, Pharmaceutical Research, 14, 601 1997). 
In an ideal mixture % is 0, and according to the Bragg- Williams theory a two-component 
5 mixture will not phase separate provided %<2. We believe that in many particles prepared 
according to the present invention the substance and inhibitor are not ideal mixtures and 
therefore the % value is not zero. 

We have surprisingly found that when % is < 2.5 the solid particles prepared according 
to the invention exhibit little or no Ostwald ripening. Those systems in which % is >2.5 are 
10 thought to be prone to phase separation and are less stable to Ostwald ripening. Suitably the % 
value of the substance-inhibitor mixture is 2 or less, for example fromO to 2, preferably 0.1 to 
2, such as 0.2 to 1.8. 

Many small molecule organic substances (Mw < 1000) are available in a crystalline 
form or can be prepared in crystalline form using conventional techniques (for example by 
15 recrystallisation from a suitable solvent system). In such cases the % parameter of the 
substance and inhibitor mixture is easily determined from the Equation I: 

20 x = -AS m lnfT^/Tl/R-lnx 5 ! 

) 2 

Equation I 

wherein: 

25 AS m is the entropy of melting of the crystalline substantially water-insoluble 

substance (measured using a conventional technique such as DSC measurement); 
T m is the melting point (K) of the crystalline substantially water-insoluble 
substance (measured using a conventional technique such as DSC measurement); 
T is the temperature of the dispersion (K); 
30 R is the gas constant; and 

x s i is the mole fraction solubility of the crystalline substantially water-insoluble 
substance in the inhibitor (measured using conventional techniques for determining solubility 
for example as hereinbefore described). In the above equation T m and AS m refer to the 
melting point of the crystalline form of the material, hi those cases where the substance may 
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exist in the form of different polymorphs, T m and AS m are determined for the polymorphic 
form of the substance that is most stable at the temperature of the dispersion. As will be 
understood, the measurement of AS m , and x s i are performed on the crystalline substantially 
water-insoluble substance prior to formation of the dispersion according to the invention and 
5 thereby enables a preferred inhibitor for the substantially water-insoluble material to be 
selected by performing simple measurements on the bulk crystalline material. 

The mole fraction solubility of the crystalline substantially water-insoluble substance 
in the inhibitor (x s i) is simply the number of moles of substance per mole of inhibitor present 
in a saturated solution of the substance in the inhibitor. As will be realized the equation above 

10 is derived for a two component system of a substance and an inhibitor. In those systems 
where the inhibitor contains more than one compound (for example in the case of a medium 
chain triglyceride comprising a mixture of triglycerides such as Miglyol 812N, or where a 
mixture of inhibitors is used) it is sufficient to calculate x s i in terms of the "apparent 
molarity" of the mixture of inhibitors. The apparent molarity of such a mixture is calculated 

15 for a mixture of n inhibitor components to be: 

Apparent molarity — Mass of 1 litre of inhibitor mixture . 

[(a*Mwa) + (b*Mwb) + ....(n*Mwn)] 

20 wherein: a, b n are the weight fraction of each component in the inhibitor mixture (for 
example for component a this is %w/w component a/ 100); and 
Mwa....Mwn is the molecular weight of each component a..n in the mixture. 
x s i is then calculated as: 

25 x s i - Molar solubility of the crystalline substance in the inhibitor mixture (mol/D 

Apparent molarity of inhibitor mixture (mol/1) 

When the inhibitor is a solid at the temperature that the dispersion is prepared, the 
mole fraction solubility, x s i, can be estimated by measuring the mole fraction solubility at a 
30 series of temperatures above the melting point of the inhibitor and extrapolating the solubility 
back to the desired temperature. However, as hereinbefore mentioned, it is preferred that the 
inhibitor is a liquid at the temperature that the dispersion is prepared. This is advantageous 
because, amongst other things, the use of a liquid inhibitor enables the value of x s j to be 
measured directly. 
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In certain cases, it may not be possible to obtain the substantially water-insoluble 
material in a crystalline form. In such cases, preferred inhibitors are those which are 
sufficiently miscible with the substantially water-insoluble material to form a substantially 
single phase mixture when mixed in the required substance: inhibitor ratio. Miscibility of the 
5 inhibitor in the substantially water-insoluble material may be determined using routine 
experimentation. For example the substance and inhibitor may be dissolved in a suitable 
organic solvent followed by removal of the solvent to leave a mixture of the substance and 
inhibitor. The resulting mixture may then be characterised using a routine technique such as 
DSC characterisation to detemaine whether or not the mixture is a single phase system. This 
10 empirical method enables preferred inhibitors for a particular substance to be selected and will 
provide substantially single phase solid particles in the dispersion prepared according to the 
present invention. 

In a further embodiment of the present invention the miscibility of the substance and 
the inhibitor may be increased by the addition of a suitable co-inhibitor to the first solution in 

15 the present process. The presence of the co-inhibitor increases the miscibility of the substance 
and the inhibitor mixture, thereby reducing the % value and further reducing or preventing 
Ostwald ripening. Suitable co-inhibitors include an inhibitor as hereinbefore defined, 
preferably an inhibitor selected from classes (i) to (v) listed hereinbefore. In a preferred 
embodiment when the inhibitor is a medium chain triglyceride containing acyl groups with 8 

20 to 12 carbon atoms (or a mixture of such triglycerides such as Miglyol 812N), a preferred co- 
inhibitor is a long chain aliphatic alcohol containing 6 or more carbon atoms (preferably from 
6 to 14 carbon atoms) for example 1-hexanol or more preferably 1-decanol. The weight ratio 
of inhibitor: co-inhibitor is selected to give the desired % value of the substance/inhibitor/co- 
inhibitor mixture and may be varied over wide limits, for example from 10:1 to 1:10, such as 

25 approximately 1:1. Preferred values for % are as hereinbefore defined. 

The inhibitor in the present invention is not a phospholipid. Such lipids have a hydrophilic 
phosphorous containing "head" groups and one or more lipophilic "tail" groups. Such 
phosphlipids are capable of forming lipid bilayers and exhibit surface-active effects. 
Examples of phospholipids excluded from the present invention include, for example the 

30 phospholipids described in US 5,100,591. 
Water-Miscible Organic Solvent 

The water-miscible organic solvent in the first phase is preferably miscible with water 
in all proportions. The water-miscible organic solvent should also be a solvent for both the 
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substantially water-insoluble substance and the inhibitor. The water-miscible organic solvent 
is selected such that the inhibitor and the substantially water-insoluble substance each have a 
sufficient solubility in the water miscible organic solvent to enable a precipitate of the 
substantially water-insoluble substance to form when the first solution is combined with the 
5 aqueous phase. Suitably, the inhibitor and the substantially water-insoluble substance each 
have a solubility of lOmg/ml or more in the water-miscible organic solvent. 

Generally it is preferred that the concentration of the substantially water-insoluble 
substance in the water-miscible organic solvent is as high as possible to aid efficient 
precipitation. The upper concentration of the substantially water-insoluble substance in the 

10 water-miscible organic solvent is determined by the solubility of the substance in the solvent. 
However, we have found that a wide range of concentrations may be used in the present 
process. Typically, a concentration of substantially water-insoluble substance of 1% by 
weight or more in the organic solvent is sufficient. 

The inhibitor and/or the substantially water-insoluble substance should be completely 

15 dissolved in the water-miscible organic solvent. The presence of particles of the inhibitor 
and/or the substantially water-insoluble substance in the first solution may result in poor 
control of the particle size distribution in the dispersion. 

If required the solubility of the inhibitor and/or the substantially water-insoluble 
substance in the water-miscible organic solvent can be increased by heating a mixture of the 

20 inhibitor, substantially water-insoluble substance and water-miscible organic solvent to 
provide a solution. The solution is then maintained at elevated temperature until it is 
combined with the aqueous phase in the process. 

As will be understood, the selection of water-miscible organic solvent will be 
dependent upon the nature of the substantially water-insoluble substance. When the 

25 substantially water-insoluble substance is an organic compound the water-miscible organic 
solvent should have a sufficiently low dielectric constant to be able to dissolve the 
substantially water-insoluble substance and the inhibitor. Suitable water-miscible solvents for 
dissolving a substantially water-insoluble organic substance include, a water-miscible alcohol, 
for example methanol, ethanol, n-propyl alcohol, isopropyl alcohol, tert-butyl alcohol, 

30 ethylene glycol or propylene glycol; dimethylsulfoxide; dimethylformamide; a water-miscible 
ether, for example tetrahydrofuran; a water-miscible nitrile, for example acetonitrile; a water- 
miscible ketone, for example acetone or methyl ethyl ketone; an amide, for example 
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dimethylacetamide or a mixture of two or more of the above mentioned water-miscible 
organic solvents. A preferred water-miscible organic solvent is dimethylacetamide (DMA). 
Precipitation 

In the present process the first solution and the aqueous phase may be combined by 
5 adding the first solution to the aqueous phase. Alternatively, the aqueous phase may be added 
to the first solution. During the combination of the first solution and the aqueous phase the 
conditions are controlled to give precipitated solid particles of the required particle size. The 
particle size resulting from the combination of the first solution and aqueous phase is 
determined by a number of factors including, the rate of agitation during the combination of 

10 the first solution and the aqueous phase, the temperature during the combination and the rate 
at which the combination takes place. As will be clear, sufficient aqueous phase is used 
during the combination to extract sufficient water-miscible organic solvent from the first 
solution to cause precipitation of the solid particles from the first solution. 

Suitable conditions for the addition of the aqueous phase to the first solution for the 

1 5 formation of sub-micron particles are described in US 4,826,689, incorporated herein by 
reference thereto, wherein an aqueous phase is injected into an agitated phase containing the 
substance dissolved in an organic solvent. Suitable rates of addition are typically from 
lOOml/min to lOOOml/min per 50ml of the first solution. A suitable temperature for the 
addition is from 0 to 100°C, more preferably from 5 to 50°C. 

20 Addition of the aqueous phase into the first solution may be achieved using a number 

of techniques, for example by injecting the aqueous phase directly into the first solution (for 
example via a syringe) or by adding the aqueous phase drop-wise into the first solution. For 
larger scale production the aqueous phase may be added to the first solution using a flow 
mixer. Preferably the first solution is agitated during addition of the aqueous phase by for 

25 example stirring, preferably at a rate sufficient to induce a high degree of turbulence in the 
first solution and hence a very rapid precipitation and distribution of particles into the liquid 
medium of the dispersion. Alternatively, the first solution may be agitated by sonication in an 
ultrasonic bath. 

When the first solution is added to the aqueous phase, the aqueous phase is preferably 
30 agitated as described above, thereby enhancing extraction of water-miscible solvent from the 
first solution to give small particles and good dispersion of the particles in the liquid medium. 
Suitable rates and methods of addition, temperature and degree of agitation are analogous to 
those described above for the addition of the aqueous phase into the first solution. 
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Some particles will precipitate and form a uniform dispersion without the need for a 
stabiliser in the aqueous phase. However, we have found that many particles tend to 
aggregate upon precipitation unless a stabiliser is present in the aqueous phase. 

Stabilisers suitable for the prevention of particle aggregation in dispersions are well 
5 known to those skilled in the art. Suitable stabilisers include dispersants and surfactants 
(which may be anionic, cationic or non-ionic) or a combination thereof. Suitable dispersants 
include, a polymeric dispersant, for example a polyvinylpyrrolidone, a polyvinylalcohol or a 
cellulose derivative, for example hydroxypropylmethyl cellulose, hydroxy ethyl cellulose, 
ethylhydroxyethyl cellulose or carboxymethyl cellulose. Suitable anionic surfactants include 

10 alkyl and aryl sulphonates, sulphates or carboxylates, such as an alkali metal alkyl and aryl 
sulphonate or sulphate, for example, sodium dodecyl sulphate. Suitable cationic surfactants 
include quaternary ammonium compounds and fatty amines. Suitable non-ionic surfactants 
include, monoesters of sorbitan which may or may not contain a polyoxyethylene residue, 
ethers fomied between fatty alcohols and polyoxyethylene glycols, polyoxyetheylene- 

1 5 polypropylene glycols, an ethoxylated castor oil (for example Cremophor EL), ethoxylated 
hydrogenated castor oil, ethoxylated 120H-stearic acid (for example Solutol HS15). The 
aqueous phase may contain a single stabiliser or a mixture of two or more stabilisers. In a 
preferred embodiment the aqueous phase contains a polymeric dispersant and a surfactant 
(preferably an anionic surfactant), for example a polyvinylpyrrolidone and sodium dodecyl 

20 sulphate. When the substantially water-insoluble material is a pharmacologically active 
compound it is preferred that the stabiliser is a pharmaceutically acceptable material. 

Generally the aqueous phase will contain from 0.01 to 1% by weight, preferably from 
0.05 to 0.5% by weight and especially from 0.1 to 0.2% by weight of stabiliser. We have 
found that the dispersions prepared according to the present process require lower levels of 

25 stabilisers (such as surfactants) compared to precipitation processes that do not use an 
inhibitor. 

Optionally, additional stabiliser may be added to the dispersion after precipitation of 
the particles into the aqueous phase to provide additional inhibition of particle aggregation in 
the dispersion. 

30 The combination of the first solution and aqueous phase in the process according to 

the present invention results in very fast, substantially instantaneous precipitation of particles 
of the inhibitor and substantially water-insoluble material to give particles of the desired size 
with a narrow particle size distribution. The precipitation avoids the need to form an 
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emulsion prior to extraction of the water-miscible organic solvent, and thereby considerably 
simplifies the preparation of a dispersion of solid particles compared to emulsion-based 
processes. 

Optionally the water-miscible organic solvent can be removed from the dispersion 
after the precipitation. Suitable methods for removing the water-miscible organic solvent 
include evaporation, for example by heating the dispersion under vacuum, reverse osmosis, 
dialysis, ultra-filtration or cross-flow filtration. The dispersion may be concentrated after 
precipitating the particles by removing excess water from the dispersion, for example by 
evaporation, spray drying or lyophilisation. 

Optionally additional components may be added to the dispersion for example 
viscosity modifying agents, buffers, taste masking agents, anti-oxidants, preservatives or 
colorants. The additional components may be added before, or more preferably, after the 
precipitation of the particles. 

According to a further embodiment of the present invention there is provided a process 
for the preparation of a stable dispersion of solid particles of a substantially water-insoluble 
substance which is a compound of Formula I in an aqueous medium comprising: 

combining (a) a first solution comprising the substantially water-insoluble compound of 
Formula I, a water-miscible organic solvent and an inhibitor with (b) an aqueous phase 
comprising water and optionally a stabiliser, thereby precipitating solid particles 
comprising the inhibitor and the substantially water-insoluble pharmacologically active 
substance; and optionally removing the water-miscible organic solvent; 
wherein the inhibitor is less soluble in water than the pharmacologically active substance, 
which inhibitor is selected from one or more of: 

(i) a mono-, di- or (more preferably) a tri-glyceride of a fatty acid; 

(ii) a fatty acid mono- or (preferably) di-ester of a C 2 -io diol; 

(iii) a fatty acid ester of an alkanol or a cycloalkanol; 

(iv) a wax; 

(v) a long chain aliphatic alcohol (preferably containing 6 or more carbon atoms, 
for example from 8 to 12 carbon atoms); and 

(vi) a hydrogenated vegetable oil. 

This embodiment of the present invention provides stable dispersions of particles of a 
solid substantially water-insoluble substance which is a compound of Formula I in an 
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aqueous medium. The dispersions prepared according to this embodiment exhibit little or no 
growth in particle size during storage (resulting from, Ostwald ripening). 

In this embodiment it is preferred that the miscibility of the substantially water- 
insoluble substance and inhibitor are sufficient to give substantially single phase solid 
5 particles in the dispersion, more preferably the inhibitor/substance mixture has a % value of 
<2.5, more preferably 2 or less, for example from 0 to 2, preferably from 0.1 to 2 wherein the 
X value is as hereinbefore defined. 

In this embodiment the inhibitor is preferably a medium chain tri-glyceride (MCT) 
containing acyl groups with 8 to 12 (more preferably 8 to 10) carbon atoms, or a mixture 

10 thereof, for example Miglyol 812N. The miscibility of the inhibitor with the substance may 
be increased by using a co-inhibitor as hereinbefore described. For example, a suitable 
inhibitor/co-inhibitor in this embodiment comprises a medium chain tri-glyceride (MCT) as 
defined above and a long chain aliphatic alcohol having 6 to 12 (more preferably 8 to 12, for 
example 10) carbon atoms, or a mixture comprising two or more such inhibitors (for example 

15 1-hexanol or (more preferably) 1-decanol). A preferred inhibitor/co-inhibitor for use in this 
embodiment is a mixture of Miglyol 812N and 1-decanol. 

If required the particles present in the dispersion prepared according to the present 
invention may be isolated from the aqueous medium following precipitation (or removal of 
the water-miscible organic solvent, if used). The particles may be separated using 

20 conventional techniques, for example by centrifuging, reverse osmosis, membrane filtration, 
lyophilisation or spray drying. Isolation of the particles is useful when the particles comprise 
a substantially water-insoluble pharmacologically active compound of Formula I because it 
allows the particles to be washed and re-suspended in a sterile aqueous medium to give a 
suspension suitable for administration to a warm blooded mammal (especially a human), for 

25 example by oral or parenteral (e.g. intravenous) administration. 

In this embodiment an agent may be added to the suspension prior to isolation of the 
particles to prevent agglomeration of the solid particles during isolation (for example spray 
drying or lyophilisation). Suitable agents include for example a sugar such as mannitol. 
Isolation of the particles from the suspension is also useful when it is desirable to store the 

30 particles as a powder. The powder may then be re-suspended in an aqueous medium prior to 
use. This is particularly useful when the substantially water-insoluble substance is a 
pharmacologically active compound of Formula I. The isolated particles of the substance 
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may then be stored as a powder in, for example a vial and subsequently be re-suspended in a 
suitable liquid medium for administration to a patient as described above. 

Alternatively the isolated particles may be used to prepare solid formulations, for 
example by blending the particles with suitable excipients/carriers and granulating or 
5 compressing the resulting mixture to form a tablet or granules suitable for oral administration. 
Alternatively the particles may be suspended, dispersed or encapsulated in a suitable matrix 
system, for example a biocompatible polymeric matrix, for example a hydroxypropyl 
methylcellulose (HPMC) or polylactide/glycloide polymer to give a controlled or sustained 
release formulation. 

10 hi another embodiment of the present invention the process is performed under aseptic 

conditions, thereby providing a sterile dispersion directly which can be administered to a 
warm blooded mammal as described above without the need for additional purification or 
sterilisation steps. Alternatively, the dispersion may be sterile filtered following precipitation 
and optional removal of the water-miscible organic solvent to leave a sterile suspension. 

1 5 According to a further aspect of the present invention there is provided a stable 

aqueous dispersion comprising a continuous aqueous phase in which is dispersed solid 
particles comprising an inhibitor and a substantially water-insoluble substance which is a 
compound of Formula I, wherein said dispersion is obtainable by the process according to the 
present invention; and wherein: 

20 (i) the inhibitor is a non-polymeric hydrophobic organic compound that is 

substantially insoluble in water; 

(ii) the inhibitor is less soluble in water than the substantially water-insoluble 
substance; and 

(iii) the inhibitor is not a phospholipid. 

25 The dispersion according to this aspect of the present invention exhibit little or no 

particle growth upon storage, mediated by Ostwald ripening (i.e. the dispersion is a stable 
dispersion as defined above in relation to the first aspect of the invention). 

The particles preferably have a mean diameter of less than 1pm and more preferably 
less than 500nm. It is especially preferred that the particles in the dispersion have a mean 

30 particle size of from 10 to 500nm 5 more especially from 50 to 300nm and still more especially 
from 100 to 200nm. 

The weight fraction of inhibitor in the particles is preferably less than 0.5, more 
preferably 0.3 or less, for example from 0.05 to 0.3, preferably from 0.06 to 0.25. 
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It is preferred that the miscibility of the substantially water-insoluble material and 
inhibitor are sufficient to give substantially single phase solid particles, more preferably the 
inhibitor/substance mixture has a % value of <2.5, more preferably 2 or less, for example from 
0 to 2, preferably from 0. 1 to 2, wherein the % value is as hereinbefore defined. 
5 The particles may contain a single compound of Formula I or two or more such 

substances. The particles may contain a single inhibitor or a combination of an inhibitor and 
one or more co-inhibitors as hereinbefore described. 

The dispersions according to the present invention may be administered to a warm 
blooded mammal (especially a human), for example by oral or parenteral (e.g. intravenous) 

10 administration. In an alternative embodiment the dispersion may be used as a granulation 
liquid in a wet granulation process to prepare granules comprising the substantially water- 
insoluble pharmacologically active material and one or more excipients (optionally after first 
concentrating the dispersion by removal of excess aqueous medium). The resulting granules 
may then be used directly, for example by filling into capsules to provide a unit dosage 

15 containing the granules. Alternatively the granules may be optionally mixed with further 
excipients, disintegrants, binders, lubricants etc. and compressed into a tablet suitable for oral 
administration. If required the tablet may be coated to provide control over the release 
properties of the tablet or to protect it against degradation, for example through exposure to 
light and/or moisture. Wet granulation techniques and excipients suitable for use in tablet 

20 formulations are well known in the art. 

According to a further aspect of the present invention there is provided a solid particle 
comprising an inhibitor and a substantially water-insoluble substance which is a compound of 
Formula I obtainable by the process according to the present invention, wherein the substance 
and the inhibitor are as hereinbefore defined in relation to the first aspect of the present 

25 invention. 

According to a further aspect of the present invention there is provided a solid particle 
comprising an inhibitor and a substantially water-insoluble substance which is a compound of 
Formula I obtainable by the process according to the present invention, for use as a 
medicament, According to a further aspect of the present invention there is provided a 
30 pharmaceutical composition comprising a pharmaceutically acceptable carrier or diluent in 
association with a solid particle comprising an inhibitor and a substantially water-insoluble 
pharmacologically active substance which is a compound of Formula I obtainable by the 
process according to the present invention. 
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Suitable pharmacutically acceptable carriers or diluents are well known excipients 
used in the preparation of pharmaceutical formulations, for example, fillers, binders, 
lubricants, disintegrates and/or release controlling/modifying excipients. 

According to a further aspect of the present invention there is provided a method for 
5 inhibiting Ostwald ripening in a dispersion of solid substantially water-insoluble particles in 
an aqueous medium comprising: 

combining (a) a first solution comprising a substantially water-insoluble substance which is a 
compound of Formula I, a water-miscible organic solvent and an inhibitor with (b) an 
aqueous phase comprising water and optionally a stabiliser, thereby precipitating solid 
10 particles comprising the inhibitor and the substantially water-insoluble substance to give a 
dispersion of the solid substantially water-insoluble particles in an aqueous medium; and 
optionally removing the water-miscible organic solvent from the dispersion; 
wherein: 

(i) the inhibitor is a non-polymeric hydrophobic organic compound that is 
1 5 substantially insoluble in water; 

(ii) the inhibitor is less soluble in water than the substantially water-insoluble 
substance; and 

(iii) the inhibitor is not a phospholipid. 

Preferred inhibitors and substantially water-insoluble substances for use in this 
20 embodiment are as hereinbefore defined in relation to the first aspect of the present invention. 

According to a further aspect of the present invention there is provided the use of an 
inhibitor to prevent or inhibit Ostwald ripening in a dispersion of solid substantially water- 
insoluble particles in an aqueous medium wherein: 

(i) the inhibitor is a non-polymeric hydrophobic organic compound that is 
25 substantially insoluble in water; 

(ii) the inhibitor is less soluble in water than the substantially water-insoluble 
substance; and 

(iii) the inhibitor is not a phospholipid. 

Preferred inhibitors and substantially water-insoluble substances for use in this 
30 embodiment are as hereinbefore defined in relation to the first aspect of the present invention. 
The invention is further illustrated by the following examples in which all parts are 
parts by weight unless stated otherwise. 
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Particle sizes are quoted as the intensity-averaged particle size determined by dynamic light 
scattering using a Coulter N4MD. 

Pharmacological properties 

5 

The dispersions and particles of the present invention are useful for the treatment of obesity, 
psychiatric disorders such as psychotic disorders, schizophrenia, bipolar disorders, anxiety, 
anxio-depressive disorders, depression, cognitive disorders, memory disorders, obsessive- 
compulsive disorders, anorexia, bulimia, attention disorders like ADHD, epilepsy, and related 

10 conditions, and neurological disorders such as dementia, neurological disorders(e.g. Multiple 
Sclerosis), Raynaud's syndrome, Parkinson's disease, Huntington's chorea and Alzheimer's 
disease. The dispersions and particles of the present invention are also potentially useful for 
the treatment of immune, cardiovascular, reproductive and endocrine disorders, septic shock 
and diseases related to the respiratory and gastrointestinal systems (e.g. diarrhea). The 

1 5 dispersions and particles of the present invention are also potentially useful as agents in 

treatment of extended abuse, addiction and/or relapse indications, e.g. treating drug (nicotine, 
ethanol, cocaine, opiates, etc) dependence and/or treating drug (nicotine, ethanol, cocaine, 
opiates, etc) withdrawal symptoms. The dispersions and particles of the present invention 
may also eliminate the increase in weight which normally accompanies the cessation of 

20 smoking. 

hi a further aspect the present invention provides the use of a dispersion of a compound of 
formula I in the preparation of a medicament for the treatment or prophylaxis of obesity, 
psychiatric disorders such as psychotic disorders, schizophrenia, bipolar disorders, anxiety, 

25 anxio-depressive disorders, depression, cognitive disorders, memory disorders, obsessive- 
compulsive disorders, anorexia, bulimia, attention disorders like ADHD, epilepsy, and related 
conditions, neurological disorders such as dementia, neurological disorders (e.g. Multiple 
Sclerosis), Parkinson's Disease, Huntington's Chorea and Alzheimer's Disease, immune, 
cardiovascular, reproductive and endocrine disorders, septic shock, diseases related to the 

30 respiratory and gastrointestinal systems (e.g. diarrhea), and extended abuse, addiction and/or 
relapse indications, e.g. treating drug (nicotine, ethanol, cocaine, opiates, etc) dependence 
and/or treating drug (nicotine, ethanol, cocaine, opiates, etc) withdrawal symptoms. 
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In a still further aspect the present invention provides a method of treating obesity, psychiatric 
disorders such as psychotic disorders such as schizophrenia and bipolar disorders, anxiety, 
anxio-depressive disorders, depression, cognitive disorders, memory disorders, obsessive- 
compulsive disorders, anorexia, bulimia, attention disorders like ADHD, epilepsy, and related 
5 conditions, neurological disorders such as dementia, neurological disorders (e.g. Multiple 
Sclerosis), Parkinson's Disease, Huntington's Chorea and Alzheimer's Disease, immune, 
cardiovascular, reproductive and endocrine disorders, septic shock, diseases related to the 
respiratory and gastrointestinal systems (e.g. diarrhea), and extended abuse, addiction and/or 
relapse indications, e.g. treating drug (nicotine, ethanol, cocaine, opiates, etc) dependence 
10 and/or treating drug (nicotine, ethanol, cocaine, opiates, etc) withdrawal symptoms 

comprising administering a pharmacologically effective amount of a compound of formula I 
as a dispersion and or as particles of the present invention to a patient in need thereof. 

The dispersions and particles of the present invention of the present invention are particulary 
15 suitable for the treatment of obesity, e.g. by reduction of appetite and body weight, 
maintenance of weight reduction and prevention of rebound. 



20 

Example 1 

5,6-bis(4"Chlorophenyl)"iV-piperidin-l"Vlpyrazme-2-carboxamide /Miglyol 812 N (4:1 
w/w) Dispersion 

25 A solution of 300 mM 5,6-bis(4-chlorophenyl)-iV-piperidin-l-ylpyrazine-2- 

carboxamide and 32.1 mg/ml Miglyol 812N in dimethylacetamide (DMA) was prepared. 
0.15 ml of this solution was added rapidly to 2.85 ml of an aqueous solution containing 
0.2%w/w polyvinylpyrrolidone (PVP) and 0.25 mM sodium dodecyl sulfate (SDS). The 
aqueous solution was sonicated during the addition of the organic solution using an ultrasonic 

30 bath. This resulted in the precipitation of particles with a mean size of 165 nm, as measured 
by dynamic light scattering using a Coulter N4MD. No increase in particle size was observed 
over a period of 2 hours, at 20°C. 

Preparation of Compounds of Formula I 



35 
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Abbreviations 
DCM - dichloromethane 
DMF - dimethylformamide 
DMAP - 4-dimethylaminopyridine 
5 EDC - l-(3-dimethylaminopropyl)--3--ethylcarbodiimide 
TEA - triethylamine 
TFA — trifluoroacetic acid 
DMSO-dimethyl sulfoxide 
DEA - Diethylamine 
1 0 PCC - Pyridinium chlorochrornate 
DCM - Dichloromethane 
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25 General Experimental Procedures 

Mass spectra were recorded on either a Micromass ZQ single quadrupole or a Micromass 
LCZ single quadrupole mass spectrometer both equipped with a pneumatically assisted 
electrospray interface (LC-MS). l H NMR measurements were performed on either a Varian 
Mercury 300 or a Varian Inova 500, operating at X H frequencies of 300 and 500 MHz 

30 respectively. Chemical shifts are given in ppm with CDC1 3 as internal standard. Purification 
was perfomied on a semipreparative HPLC with a mass triggered fraction collector, Shimadzu 
QP 8000 single quadrupole mass spectrometer equipped with 19 x 100 mm C8 column. The 
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mobile phase used was, if nothing else is stated, acetonitrile and buffer (0.1 M 
NH4Ac:acetonitrile 95:5). 

For isolation of isomers, a Kromasil CN E9344 (250 x 20 mm i.d.) column was used. 
5 Heptane:ethyl acetaterDEA 95:5:0.1 was used as mobile phase (1 ml/min). Fraction collection 
was guided using a UV-detector (330 nm). 

Synthesis of intermediates 
The following intermediates were not commercially available and therefore prepared as 
10 described in Preparation A, (Chem. Ber., 100, 1967, p. 555). 

Preparation A 

(a) 5,6-diphenyl-pyrazine-2-carboxylic acid 

The monohydrochloride of 2,3-diaminopropionic acid (500 mg, 3.56 mmol) and benzil (890 
15 mg, 4.23 mmol) were added to a solution of sodium hydroxide (677 mg, 16.93 mmol) in 

methanol (10 ml). An extra portion of methanol was added (5 ml) and the reaction mixture 

was refluxed for 20 minutes. The mixture was cooled to 25 °C and air was bubbled through for 

30 minutes. Hydrochloric acid (aq, 2 M) was added until the reaction mixture reached pH 2. 

The solution was extracted with diethyl ether. The combined diethyl ether phases were dried 
20 (MgS04), filtrated and evaporated under reduced pressure to give the crude product. MS m/z 

277 (M+H) + . The crude product was used in steps described below without further 

purification. 

(b) 5,6-Bis-(4-bromophenyl)-pyrazine-2-carboxylic acid 

25 The title compound was prepared essentially as described in Preparation A step (a), using 
monohydrochloride of 2,3-diaminopropionic acid (600 mg, 4.26 mmol) and 4,4'- 
dibromobenzil (1.745 g, 4.26 mmol, 90 %) as starting materials. The reaction mixture was 
refluxed for 2 hours and air was bubbled through for 1 hour. Hydrochloric acid (aq, 2 M) was 
added until pH 2. The mixture was evaporated under reduced pressure and the residue was 

30 dissolved in water. The solution was extracted with diethyl ether, the combined diethyl ether 
phases were dried (MgS0 4 ) ? filtered and evaporated under reduced pressure. The crude 
product (500 mg, 27%) was used in steps described below without further purification. MS 
m/z 435, 437, 439 (M+H) + . 
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(c) 5,6-Di-j!>tolyl-pyrazine-2-carboxylic acid 

The title compound was prepared as described in Preparation A step (a) using 4,4'- 
dimethylbenzil (848 mg 5 3.56 mmol). The reaction mixture was however refluxed for 1 hour 
and air was bubbled through the reaction mixture for about 7 hours. The mixture was 
5 evaporated and the residue was dissolved in water. Hydrochloric acid (aq, 2 M) was added 
until pH 2 was reached. The solution was extracted with diethyl ether. The combined diethyl 
ether phases were dried (MgSC^), filtered and evaporated under reduced pressure. The crude 
product (918 mg, 85%) was used in steps described below without further purification. MS 
m/z 305 (M+H) + . 

10 

(d) 5 9 6-Bis-(4-methoxyphenyl)pyrazine-2-carboxylic acid 

The title compound was prepared as described in Preparation A step (c) using 4,4'- 
dimethoxybenzil (961 mg, 3,56 mmol) as starting material. The reaction mixture was refluxed 
over night and air was bubbled through the mixture for 8 hours. The crude product (435 mg 5 
15 36%) was used in steps described below without further purification. MS m/z 335 (M+H) + 

(e) 5,6-Bis-(4-chlorophenyl) pyrazine-2-carboxylic acid 

The title compound was prepared as described in Preparation A step (c) using 4,4'- 
dichlorobenzil (993 mg, 3.56 mmol). Reflux for 1 hour gave directly the crude product (923 
20 mg, 75%) that was used in steps described below without further purification. MS m/z 343, 
345, 347 (M-H)~. 

(f) 5,6-Bis-(2-chlorophenyl)pyrazine-2-carboxylic acid 

The title compound was prepared as described in Preparation A step (c) using 2,2'- 
25 dichlorobenzil (993 mg, 3.56 mmol). The crude product (895 mg, 73%) was used in steps 
described below without further purification. MS m/z 343, 345, 347 (M-H)". 

(h) 1 -(4-Chlorophenyl)-2-(2,4-dichlorophenyl)ethane- 1 ,2-dione 

2-(4-Chlorophenyl)-l-(2,4-dichlorophenyl)ethanone (2.7 g, 9.01 mmol) was dissolved in 1,2- 
30 dichloroethane (25 ml) and freshly made PCC (3.89 g, 18.02 mmol), pyridine (1.43 g, 18.02 
mmol) and molecular sieves were added. The reaction mixture was refluxed under inert 
atmosphere overnight. The solution was cooled to 25 °C, filtered through Silica and then 
solvent was evaporated under reduced pressure. The crude product (1 .9 g, 66%) was used 
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directly in the next step. *H NMR (500 MHz) 5 7.97 (d, 2H), 7.84 (d, 1H) 5 7.52 (d, 2H), 7.46 
(s 5 1H) ? 7.44 (d, 1H). 

(i) 5-(4-Chlorophenyl)-6-(2 ? 4-dichlorophenyl)pyrazine-2-carboxylic acid and 
5 6-(4-chlorophenyl)-5 -(2,4-dichlorophenyl)pyrazine-2-carboxylic acid 

The title compounds were prepared as described in Preparation A step (a), using l-(4- 
chlorophenyl)-2-(2 5 4-dichlorophenyl)ethane-l,2-dione (1.85 g; 5.90 mmol) from Preparation 
A step (g) and the monochloride of 2,3-diaminopropionic acid (0.61 g, 5.90 mmol) as starting 
materials. The mixture was refluxed for 30 minutes and then directly worked-up. The crude 
10 product was allowed to stand over night to aromatise. Flash chromatography (SiC>2 ? 

DCM:methanol 10:1, 1% Acetic acid) gave the isomer mixture (0.2 g, 10%). MS m/z 377, 
379,381 (M-H)\ 

Example 1 

15 N-( 1 -piperidinvlV 5 ,6-diphenvl-2-p vrazinecarboxamide 

5,6-Diphenyl-pyrazine-2-carboxylic acid (500 mg, 1.81 mmol) from Preparation A ? step (a), 
was dissolved in DCM (4 ml) and DMF (150 jxl). DMAP (22 mg, 0.18 mmol) and 1- 
aminopiperidine (218 mg, 2.17 mmol) were added and the solution was cooled to 0 °C. A 
slurry of EDC (1.99 mmol, in 2mL DCM and 100 Jill DMF) was added dropwise. The reaction 

20 mixture was stirred at 25 °C. After 17 hours additional 1-aminopiperidine (40 mg, 0.40 mmol) 
and EDC (76 mg, 0.40 mmol) was added, and the mixture was stirred for an additional 3 
hours. The crude was diluted with DCM (5ml) and washed with a saturated solution of 
NaHCOs. The organic phase was dried (MgSCU), filtered and evaporated. Flash 
chromatography (SiC>2 5 ethyl acetateihexane 2:1) gave the subtitle compound (160 mg, 25%) 

25 as a white solid. 

X H NMR (300 MHz) 6 9.41 (s, 1H), 8.52 (s, 1H), 7.50-7.29 (m, 10H), 2.94 (t, 4H), 1.81 (m, 
4H), 1.50 (m, 2H). 
MS m/z 359 (M+H) + . 

30 Example 2 

iV-(l -piperidinvlV 5,6~bis(4-bromophenvn-2-pvrazinecarboxamide 

To 5,6-Bis-(4-bromophenyl)-pyrazine-2-carboxylic acid (108 mg, 0.25 mmol) from 

Preparation A, step (b), DMAP (0.025 mmol, in 500 pi DCM), 1-aminopiperidine (0.25 
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mmol, in 1 100 |Lil DCM), EDC (0.27 mmol, in 1 100 |Lil DCM and cooled to 8 °C) were added. 
The reaction mixture was stirred at 25 °C for 20 h, then washed with saturated NaHCOs 
solution, dried (MgS0 4 ) 5 filtered and evaporated. Semipreparatory HPLC (0.01% TEA in the 
buffered phase) gave the subtitle compound (6.7 mg, 5.4%). 
5 *H NMR (300 MHz) 5 9.41 (s, 1H), 8.48 (s, 1H), 7.54 (d, 2H), 7.51 (d, 2H), 7.36 (d, 2H), 7.34 
(d, 2H), 2.94 (t, 4H) 5 1.81 (m, 4H), 1.55-1.45 (m, 2H). 
MS m/z 515, 517, 519 (M+H) + . 

10 Example 3 

A^-(l-piperidinyl)- 5,6-bis(4-methvlphenvl> 2-pyrazinecarboxamide 

5,6-Di-j2-tolyl-pyrazine-2-carboxylic acid (76 mg, 0.25 mmol) from Preparation A, step (c), 
was used as described in Example 2 to give the title compound (27 mg, 28%). 
! H NMR (300 MHz) 8 9.35 (s, 1H), 8.57 (s, 1H), 7.38 (d, 4H), 7.18 (d, 2H), 7.13 (d, 2H), 2.92 
15 (t, 4H), 2.40 (s, 3H), 2.37 (s, 3H) 5 1.86-1.75 (m, 4H), 1.54-1.44 (m, 2H). 
MS m/z 387 (M+H) + . 

Example 4 

JV-d-piperidinvlV 5,6-bis(4-methoxyphenvl)- 2-pyrazinecarboxamide 
20 5 ? 6-Bis-(4-methoxyphenyl)-pyrazine-2-carboxylic acid (84 mg, 0.25 mmol) from Preparation 
A, step (d) 5 was used as described Example 2 to give the title compound (20 mg, 19%). 
*H NMR (300 MHz) 5 9.31 (s, 1H), 8.57 (s, 1H), 7.46 (d, 2H), 7.44 (d, 2H), 6.90 (d, 2H), 6.86 
(d, 2H), 3.86 (s, 3H), 3.84 (s, 3H), 2.93 (t, 4H), 1.80 (m, 4H), 1.54-1.45 (m, 2H). 
MS m/z 419 (M+H) + . 

25 

Example 5 

A^-d-piperidinvl)- 5.6-bis(4-chlorophenvD- 2-pvrazinecarboxamide 

5,6-Bis-(4-chlorophenyl)-pyrazine-2-carboxylic acid (86 mg, 0.25 mmol) from Preparation A, 
30 step (e), was used as described in Example 2 to give the subtitle compound (16 mg, 15%). 
J H NMR (300 MHz) 5 9.40 (s, 1H), 8.49 (s, 1H), 7.45-7.31 (m, 8H), 2.94 (t, 4H), 1.80 (m 5 
4H), 1.54-1.45 (m, 2H). 
MS m/z 427, 429, 431 (M+H) + . 
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Example 6 

jV-fl-piperidinvlV 5.6-bisf2-chlorophenyr)- 2-pyraziiiecarboxamide 

5 ? 6-Bis-(2-chlorophenyl)-pyrazine-2-carboxylic acid (86 mg, 0.25 minol) from Preparation A, 
5 step (f), was used as described in Example 2 to give the subtitle compound (6 mg, 6%). 
l H NMR (300 MHz) 8 9.52 (s, 1H), 8.52 (s, 1H), 7.44-7.17 (d, 8H) 5 2.94-2.88 (t, 4H), 1.85- 
1.70 (m, 4H), 1.52-1.44 (m, 2H). 
MS m/z 427, 429, 431 (M+H) + . 

10 Example 7 

TV-cyclohex yl-5 3 6-diphenyl-2-p vrazinecarboxamide 

5,6-diphenyl-pyrazine-2-carboxylic acid (70 mg, 0.25 mmol) from Preparation A, step (a), 
was reacted essentially as described in Example 2 but with cyclohexylamine (0.25 mmol, in 1 
ml DCM) 5 DMAP (0.025 mmol, in 0.5 ml DCM), EDC (0.28 mmol, in 1 ml DCM, and 
15 cooled to 8 °C) and DMF (100 jllI). Semipreparatory HPLC (0.15% TF A/water : acetonitrile 
95:5 instead of the buffer phase) gave the title compound (7 mg, 8%) after washing with 
Na2CC>3 solution. 

*H NMR (300 MHz) 8 9.41 (s, 1H), 7.78 (d, 1H), 7.49-7.28 (m, 10H), 4.12-3.97 (m, 1H), 
2.13-1.23 (m, 10H). 
20 MSm/z358 (M+H) + . 

Example 8 

A^cvclohexvl-5,6-bis(4-bromophenvlV2-pyrazinecarboxamide 

5,6-Bis-(4-bromophenyl)-p3^azine-2-carboxylic acid (109 mg, 0.25 mmol) from Preparation 
25 A, step (b), was used as described in Example 7. Semipreparatory HPLC (0.15 % 

TF A/water: acetonitrile 95:5 instead of the buffer phase) gave the title compound (7 mg, 8%) 
after washing with Na2CC>3 solution. 

X H NMR (300 MHz) 5 9.41 (s, 1H), 7.68 (s, 1H) 5 7.54 (d, 2H), 7.50 (d, 2H), 7.36 (d, 2H), 7.34 
(d, 2H), 4.11-3.96(m, 1H), 2.12-1.20 (m, 10H). 
30 MS m/z 5 1 4, 5 1 6, 5 1 8 (M+H) + . 



Example 9 

A^-cvcloliexvl-5,6-bis(4-methvlphenvl)-2-pyrazinecarboxamide 
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5,6-Di-p-tolyl-pyrazine-2-carboxylic acid (76 mg ? 0.25 mmol) from Preparation A, step (c), 
was used as described in Example 7. Semipreparatory HPLC (0.01% TEA in the buffer phase) 
gave the subtitle compound (4 mg, 4%). 

J H NMR (300 MHz) 5 9.36 (s, 1H), 7.77 (d, 1H), 7.39 (d ? 4H), 7.18 (d, 2H), 7.13 (d, 2H), 
5 4.10-3.96 (m, 1H), 2.40 (s, 3H), 2.37 (s, 3H) 5 2.09-1.20 (m, 10H). 
MS m/z 386 (M+H) + . 

Example 10 

A^cvclohexvl-5,6-bis( r 4-methoxyphenvl)-2-pvrazinecarboxamide 
10 5 ? 6-Bis-(4-methoxyphenyl)-pyrazine-2-carboxylic acid (76 mg, 0.25 mmol) from Preparation 

A, step (d), was used essentially as described in Example 7 but the reaction mixture was first 

stirred overnight, then more cyclohexylamine (25 mg, 0.25 mmol) was added and the mixture 

was stirred for an additional two days prior to workup. Semipreparatory HPLC (0.15 % TFA 

in the buffered phase) gave the title compound (12 mg, 1 1%). 
15 *H NMR (300 MHz) 5 9.32 (s, 1H), 7.76 (d, 1H), 7.47 (d, 2H), 7.45 (d, 2H), 6.90 (d, 2H), 

6.86 (d, 2H), 4.10-3.96 (m, 1H) ? 3.86 (s, 3H), 3.84 (s, 3H), 2.09-1.17 (m, 10H). 

MS /77/z418(M+H) + . 

Example 1 1 

20 A^cvclohexyl-5,6-bis(4-chlorophenvl)- 2-pvrazinecarboxamide 

5 ? 6-Bis-(4-chlorophenyl)pyrazine-2-carboxylic acid (86 mg, 0.25 mmol) from Preparation A, 
step (e) 5 was used as described in Example 10 to give the title compound (7 mg, 8%) after 
washing with Na 2 C03 solution. 

*H NMR (300 MHz) 5 9.41 (s, 1H), 7.69 (s, 1H), 7.47-7.30 (m, 8H), 4.10-3.97 (m, 1H), 2.10- 
25 1.18 (m, 10H). 

MS m/z 426, 428, 430 (M+H) + . 

Example 12 

A L cvclohexyl-5,6-bis(2-chlorophenvl)-2-pyrazinecarboxamide 
30 5,6-Bis-(2-chlorophenyl)-pyrazine-2-carboxylic acid (86 mg, 0.25 mmol) from preparation A 
step (f) was used as described in Example 10, to give the title compound (14 mg, 13%). 
*H NMR (300 MHz) 5 9.51 (s, 1H), 7.74 (s, 1H), 7.41-7.18 (m, 8H), 4.10-3.97 (m, 1H), 2.07- 
1.14 (m, 10H). 
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MS m/z 426, 428, 430 (M+H) + . 
Example 13 

A^5.6-triphenyl-2-pyrazinecarboxamide 
5 To 5,6-Diphenyl-pyrazine-2-carboxylic acid (70 mg, 0.25 mmol) from Preparation A, step (a), 
DMAP (0.025 mmol, in 0.5 ml DCM), aniline (0.25 mmol, in 1 ml DCM ), EDC (0.28 mmol, 
in lml DCM, cooled to 8 °C) and DMF (100 jllI) were added. The reaction mixture was 
stirred at 25 °C over night, then worked up as described in Example 2. Semipreparatory 
HPLC (0.15 % TFA/water:acetonitrile 95:5 instead of the buffer phase) gave the title 
10 compound (27 mg, 30%) after washing with Na 2 C0 3 solution. 

*H NMR (300 MHz) 5 9.75 (s, 1H), 9.52 (d, 1H), 7.80 (d, 2H), 7.55-7.32 (m, 12H), 7.20 (t, 
1H). 

MS m/z 352 (M+H) + . 

15 Example 14 

■A/-phenvl-5,6--bisr4-methvlphenvl)--2-pvrazinecarboxainide 

5,6-Di-p-tolyl-pyrazine-2-carboxylic acid (77 mg, 0.25 mmol) from Preparation A, step (c), 
was used as described in Example 13 to give the subtitle compound (28 mg, 29%). 
! H NMR (500 MHz) 5 9.78 (s, 1H), 9.49 (s, 1H), 7.81 (d, 2H), 7.47-7.43 (m, 6H), 7.25-7.17 
20 (m, 5H), 2.45 (s, 3H), 2.41 (s, 3H). 
MS m/z 380 (M+H) + . 

Example 15 

A r -phenvl-5,6-bis(4-methoxvphenyl)-2-pyrazinecarboxamide 
25 5,6-Bis-(4-methoxyphenyl)-pyrazine-2-carboxylic acid (85 mg, 0.25 mmol) from Preparation 
A step (d), was used as described in Example 13, to give the title compound (33 mg, 32%). 
*H NMR (300 MHz) 5 9.74 (s, 1H), 9.42 (s, 1H), 7.79 (d, 2H), 7.50 (d, 4H), 7.42 (t, 2H), 7.19 
(t, 1H), 6.94 (d, 2H), 6.89 (d, 2H), 3.88 (s, 3H), 3.85 (s, 3H). 
MSm/z412(M+H)"\ 
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Example 16 

A^phenyl-5,6~bis(4-chlorophenvl)"2-pyrazinecarboxamide 

5 ? 6-Bis-(4-chlorophenyl)-pyrazine-2-carboxylic acid (87 mg, 0.25 mmol) from Preparation A, 
step (e), was used as described in Example 13, to give the subtitle compound (6 mg, 6%). 
5 ] H NMR (300 MHz) 6 9.66 (s, 1H), 9.52 (s, 1H), 7.79 (d, 2H), 7.48-7.35 (m, 10H), 7.21 (t, 
1H). 

MS m/z 420, 422, 424 (M+H) + . 
Example 17 

10 A^phenvl-5,6-bis(2"Chlorophenvl > )-2-pvrazinecarboxamide 

5,6-Bis-(2-chloro-phenyl)-pyrazine-2-carboxylic acid (87 mg, 0.25 mmol) from Preparation 
A, step (f), was treated as described in Example 13, to give the title compound (27 mg, 25%). 
! H NMR (500 MHz) 5 9.73 (s, 1H), 9.66 (s, 1H), 7.81(d, 2H), 7.46-7.22 (m, 1 1H). 
MS m/z 420, 422, 424 (M+H) + . 

15 

Example 18 

5-(4-Chlorophenvl)-6-(2,4-dichlorophenvl)pvrazine-2-carboxylic acid piperidin-1 -vlamide 
and 6-(4-chlorophenvl)-5-(2,4-dichlorophenvl)pyrazine-2-carboxvlic acid piperidin-1 -ylamide 
The mixture of 5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)p]/razine-2-carboxylic acid and 6- 

20 (4-chlorophenyl)-5-(2,4-dichlorophenyl)pyrazine-2-carboxylic acid (78 mg, 0.205 mmol) 
from Preparation A step (i) and thionyl chloride (147 mg, 1.23 mmol) were refluxed in 
toluene (2ml) for 3 hours. The solvent and reagents were evaporated under reduced pressure 
and the intermediates were dissolved in DCM (1 ml). TEA (42 mg, 0.41 mmol) and 1- 
aminopiperidine (21 mg, 0.205 mmol) were dissolved in DCM (1ml) and added. The reaction 

25 mixture was stirred at 25 °C overnight and then evaporated under reduced pressure. Flash 
chromatography (SiCh, heptane: ethyl acetate 1:1) gave a mixture of the title compounds (45 
mg, 47%, ratio of isomers 0.5:1). ! H NMR (300 MHz) 5 9.46 (s, 1H), 8.39 (s, 1H), 7.47-7.28 
(m, 7H), 3.02-2.84 (m, 4H), 1.89-1.73 (m, 4H), 1.57-1.41 (m, 2H) and 9.42 (s, 1H), 8.51 (s, 
1H), 7.47-7.28 (m, 7H), 3.02-2.84 (m, 4H), 1.89-1.73 (m, 4H), 1.57-1.41 (m, 2H). 
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Example 18 (a) 

jV-(l-piperidinvlV 5-(4-chlorophenvl)-6-(2,4-dichlorophenvl)-2->pyrazinecarboxamide 
The title compound was isolated from the mixture prepared in Example 18 (35 mg) by 
preparative chromatography (9 mg, 26%). *H NMR (300 MHz) 5 9.46 (s, 1H), 8.38 (s, 1H), 
5 7.46-7.24 (m, 7H), 2.89 (t 5 4H), 1.78 (p, 4H), 1.52-1.40 (m, 2H). 

Example 18 (b) 

jV-d-piperidinvD- 6-(4-chlorophenvl)-5-(2,4-dichlorophenvl)-2-pyrazinecarboxamide 
The title compound was isolated from the mixture prepared in Example 18 (35 mg) by 
10 preparative chromatography (1 1 mg, 31%). ! H NMR (300 MHz) 5 9.42 (s, 1H), 8.50 (s, 1H), 
7.39-7.30 (m, 7H), 2.93 (t, 4H), 1.80 (p, 4H), 1.54-1.43 (m, 2H). 

Pharmacological Activity 

Compounds of Formula I are active against the receptor product of the CB1 gene. The affinity 
15 of the compounds of the invention for central cannabinoid receptors is demonstrable in 
methods described in Devane et al , Molecular Pharmacology, 1988, 34,605 or those 
described ha WOO 1/70700 or EP 656354. Alternatively the assay may be performed as 
follows. 

lOpg of membranes prepared from cells stably transfected with the CB1 gene were suspended 
20 in 200jal of lOOmM NaCl, 5mM MgCl 2 , ImM EDTA, 50mM HEPES (pH 7.4), ImM DTT, 
0.1% BSA and lOOpM GDP. To this was added an EC80 concentration of agonist (CP55940), 
the required concentration of test compound and O.lpCi [ 35 S]-GTPyS. The reaction was 
allowed to proceed at 30°C for 45 min. Samples were then transferred on to GF/B filters using 
a cell harvester and washed with wash buffer (50mM Tris (pH 7.4), 5mM MgCl 2 , 50mM 
25 NaCl). Filters were then covered with scintilant and counted for the amount of [ 35 S]-GTPyS 
retained by the filter. 

Activity is measured in the absence of all ligands (minimum activity) or in the presence of an 
EC80 concentration of CP55940 (maximum activity). These activities are set as 0% and 
100% activity respectively. At various concentrations of novel ligand, activity is calculated as 
30 a percentage of the maximum activity and plotted. The data are fitted using the equation 
y=A+((B-A)/l+((C/x) UD)) and the IC50 value determined as the concentration required to 
give half maximal inhibition of GTPyS binding under the conditions used. 
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The compounds of Formula I are active at the CB1 receptor (IC50 <1 micromolar). Most 
preferred compounds have IC50 <200 nanomolar. 

5 
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CLAIMS 



1 . A process for the preparation of a stable dispersion of solid particles in an aqueous 
medium comprising: 

5 combining (a) a first solution comprising a substantially water-insoluble substance 
which is a compound of Formula I 




10 and pharmaceutically acceptable salts, prodrugs, solvates and crystalline forms thereof, in 
which 

R 1 and R 2 independently represent : 
a C^alkyl group; 

an (amino)Ci^alkyl— group in which the amino is optionally substituted by one or more 
15 Ci- 3 alkyl groups; 

an optionally substituted non-aromatic C3-i5carbocyclic group; 
a (C 3 .i2cycloalkyl)Ci_3alkyl- group; 

a group -(CH 2 ) r (phenyl ) s in which r is 0,1, 2, 3 or 4, s is 1 when r is 0 otherwise s is 1 or 2 
and the phenyl groups are optionally independently substituted by one, two or three groups 
20 represented by Z; 
naphthyl; 
anthracenyl; 

a saturated 5 to 8 membered heterocyclic group containing one nitrogen and optionally one 
of the following : oxygen, sulphur or an additional nitrogen wherein the heterocyclic group is 
25 optionally substituted by one or more Ci_ 3 alkyl groups, hydroxy or benzyl ; 
1 -adamantylmethyl; 

a group - (CH 2 ) t Het in which t is 0,1, 2, 3 or 4, and the alkylene chain is optionally 
substituted by one or more Ci_ 3 alkyl groups and Het represents an aromatic heterocycle 
optionally substituted by one, two or three groups selected from a Ci-salkyl group, a 
30 5 alkoxy group or halo; 
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l o 
or R represents H and R is as defined above; 

or R and R together with the nitrogen atom to which they are attached represent a saturated 
5 to 8 membered heterocyclic group containing one nitrogen and optionally one of the 
following : oxygen, sulphur or an additional nitrogen; wherein the heterocyclic group is 
optionally substituted by one or more Ci_ 3 alkyl groups, hydroxy or benzyl ; 

X is CO or S0 2 ; 

Y is absent or represents NH optionally substituted by a Ci- 3 alkyl group; 

R 3 and R 4 independently represent phenyl, thienyl or pyridyl each of which is optionally 
substituted by one , two or three groups represented by Z; 

Z represents a Ci_ 3 alkyl group, a d_ 3 alkoxy group, hydroxy, halo, trifluoromethyl, 
trifluoromethylthio, trifluoromethoxy, trifluoromethylsulphonyl, nitro, amino, mono or di d- 
3 alkylamino, mono or di Ci_ 3 alkylamido, Ci^aUcylsulphonyl, Ci_ 3 alkoxycarbonyl, carboxy, 
cyano, carbamoyl, mono or di Ci_ 3 alkyl carbamoyl, sulphamoyl and acetyl; and 

R 5 is H, a Ci_ 3 alkyl group, a Ci- 3 alkoxymethyl group, trifluoromethyl, a hydroxyCi_ 3 alkyl 
group, Ci_ 3 alkoxycarbonyl, carboxy, cyano, carbamoyl, mono or di Ci- 3 alkylcarbamoyl, 
acetyl, or hydrazinocarbonyl of formula ™CONHNR a R b wherein R a and R b are as previously 
defined for R 1 and R 2 respectively; 

a water-miscible organic solvent and an inhibitor with (b) an aqueous phase comprising water 
and- optionally a stabiliser, thereby precipitating solid particles comprising the inhibitor and 
the substantially water-insoluble substance; and optionally removing the water-miscible 
organic solvent; 
wherein: 

(i) the inhibitor is a non-polymeric hydrophobic organic compound that is 
substantially insoluble in water; 

(ii) the inhibitor is less soluble in water than the substantially water-insoluble 
substance; and 

(iii) the inhibitor is not a phospholipid. 
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2. A process according to claim 1 wherein the inhibitor is a mixture of triglycerides 
obtainable by esterifying glycerol with a mixture medium chain fatty acids. 

5 

3. A process according to claim 2 wherein the inhibitor is a mixture of triglycerides 
containing acyl groups with from 8 to 12 carbon atoms. 

4. A process according to any one of the preceding claims wherein the inhibitor further 
10 comprises a co-inhibitor selected from a long chain aliphatic alcohol containing 6 or more 

carbon atoms. 



5. A process according to any one of the preceding claims wherein the inhibitor is 
sufficiently miscible with the substantially water-insoluble material to form solid particles in 
15 the dispersion comprising a substantially single phase mixture of the substance and the 
inhibitor. 



6. A process according to any one of the preceding claims wherein the miscibility of the 
inhibitor and substantially water-insoluble substance is sufficient to give an interaction 
20 parameter % of less than 2.5. 



7. A process according to any one of the preceding claims wherein the aqueous phase 
contains a stabiliser. 



25 8. A process according to claim 7 wherein the stabiliser comprises a polymeric 

dispersant and a surfactant. 



9. A process according to claim 1 for the preparation of a stable dispersion of solid 
particles of a substantially water-insoluble substance which is a compound of Formula I in an 
30 aqueous medium comprising: 

combining (a) a first solution comprising the substantially water-insoluble substance, a 
water-miscible organic solvent and an inhibitor with (b) an aqueous phase comprising 
water and optionally a stabiliser, thereby precipitating solid particles comprising the 
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inhibitor and the substantially water-insoluble pharmacologically active substance; and 
optionally removing the water-miscible organic solvent; 

wherein the inhibitor is less soluble in water than the water-insoluble substance, which 
inhibitor is selected from one or more of: 
5 (i) a mono-, di- or a tri-glyceride of a fatty acid; 

(ii) a fatty acid mono- or di-ester of a C 2 -io diol; 

(iii) a fatty acid ester of an alkanol or a cycloalkanol; 

(iv) a wax; 

(v) a long chain aliphatic alcohol; and 
10 (vi) a hydrogenated vegetable oil. 

10. A process according to any one of the preceding claims wherein the mean particle size 
of the solid particles is less than 1pm. 

15 11. A process according to any one of the preceding claims further comprising the step of 
isolating the solid particles from the dispersion. 

12. A stable aqueous dispersion comprising a continuous aqueous phase in which is 
dispersed solid particles comprising an inhibitor and a substantially water-insoluble 

20 substance obtainable by the process according to any one of the preceding claims wherein: 

(i) the inhibitor is a non-polymeric hydrophobic organic compound that is 
substantially insoluble in water; 

(ii) the inhibitor is less soluble in water than the substantially water-insoluble 
substance; 

25 (iii) the inhibitor is not a phospholipid. 

13. A solid particle comprising an inhibitor and a substantially water-insoluble substance 
obtainable by the process according to any one of claims 1 to 1 1. 

30 14. A solid particle according to claim 13 for use as a medicament. 



15. A pharmaceutical composition comprising a solid particle according to claim 14 in 
association with a pharmaceutically acceptable carrier or diluent. 
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16. A method for inhibiting Ostwald ripening in a dispersion of solid substantially water- 
insoluble particles in an aqueous medium comprising: 

combining (a) a first solution comprising a substantially water-insoluble substance which is a 
5 compound of Formula I, a water-miscible organic solvent and an inhibitor with (b) an 
aqueous phase comprising water and optionally a stabiliser, thereby precipitating solid 
particles comprising the inhibitor and the substantially water-insoluble substance to give a 
dispersion of the solid substantially water-insoluble particles in an aqueous medium; and 
optionally removing the water-miscible organic solvent from the dispersion; 
10 wherein: 

(i) the inhibitor is a non-polymeric hydrophobic organic compound that is 
substantially insoluble in water; 

(ii) the inhibitor is less soluble in water than the substantially water-insoluble 
substance; and 

1 5 (iii) the inhibitor is not a phospholipid. 

1 7. Use of an inhibitor to prevent or inhibit Ostwald ripening in a dispersion of solid 
substantially water-insoluble particles of a compound of Formula I in an aqueous medium 
wherein: 

20 (i) the inhibitor is a non-polymeric hydrophobic organic compound that is 

substantially insoluble in water; 

(ii) the inhibitor is less soluble in water than the substantially water-insoluble 
substance; and 

(iii) the inhibitor is not a phospholipid. 

25 

18. A process according to any one of claims 1-1 1, a dispersion according to claim 12, a 
particles according to either claim 13 or 14, a composition according to claim 15, a method 
according to claim 16, a use according to claim 17 wherein the compound of Formula I is 
selected from 

30 A^-(l-piperidinyl)-5,6-diphenyl-2-pyrazinecarboxamide; 

iV-(l-piperidinyl)-5,6-bis(4-bromophenyl)-2-pyrazinecarboxamide; 
A L (l-piperidinyl)-5,6-bis(4-methylphenyl)-2-p5o*azinecarboxainide; 
N-(l -piperidinyl)-5 ,6-bis(4-methoxyphenyl)-2-pyrazinecarboxamide; 
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N-(l -piperidinyl)- 5 5 6-bis(4-chlorophenyl)-2-pyrazinecarboxamide; 
7V-(1 -piperidinyl)-5 ? 6-bis(2-chlorophenyl)-2-pyrazinecaxboxamide; 
iV-cyclohexyl-5 ? 6-diphenyl-2--pyrazinecarboxamide; 
A^-cyclohexyl-5 ? 6-bis(4-bromophenyl)-2-pyrazinecarboxamide; 
5 A r -cyclohexyl-5 ? 6-bis(4-methylphenyl)-2-pyrazinecarboxamide; 
A^-cyclohexyl-5 ? 6-bis(4-methoxyphenyl)-2~pyrazinecarboxamide; 
iV-cyclohexyl-5 ? 6-bis(4-chlorophenyl)- 2-pyrazinecarboxamide; 
A^-cyclohexyl-5 5 6-bis(2-chlorophenyl)»2-pyrazinecarboxamide; 
iV 5 5 5 6-triphenyl-2--pyrazinecarboxamide; 
10 A^-phenyl-5 5 6-bis(4-methylphenyl)~2~pyrazinecarboxamide; 
A^-pheiiyl-5 ? 6-bis(4-methoxyphenyl)-2~pyrazinecarboxamide; 
7V-phenyl-5 ? 6-bis(4-chlorophenyl)-2-pyraziiiecarboxamide; 
iV L phenyl-5 ? 6-bis(2-chlorophenyl)-2-pyrazinecarboxamide; 

N-(l -piperidinyl)- 5-(4-chlorophenyl)-6-(2 5 4-dichlorophenyl)-2-pyrazinecarboxamide; or 
1 5 N-(l -piperidinyl)- 6-(4-chlorophenyl)-5-(2 5 4-dichlorophenyl)-2-pyrazinecarboxamide; 

and where applicable, optical isomers, tautomers, stereoisomers and racemates thereof as well 
as phamiaceutically acceptable salts, solvates and crystalline forms thereof. 
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